SUMMARY Ventriculograms obtained before and a mean (SD) of 4 3(2-5) weeks after intracoronary thrombolysis in 23 patients who were treated within 3-5 (3-1) hours of the onset of pain were examined for changes in asynchronous left ventricular wall motion. Lysis was achieved in 19 patients, and in 16 the affected artery was still patent at restudy. Angiograms were digitised frame by frame. Left ventricular volumes, ejection fraction, and peak ejection rate were all unchanged after thrombolysis, whereas peak filling rate fell, whether or not patency was achieved or maintained. Regional wall motion was examined by means of isometric and contour plots. The area supplied by the affected coronary artery showed simple hypokinesis or akinesis in 10 cases, which was unchanged at the second study in nine and improved in one. The commonest manifestation of asynchrony was delayed inward motion during isovolumic relaxation. This was present in 12 cases with or without associated hypokinesis; after thrombolysis wall motion improved significantly in eight and returned to normal in six, significantly more frequently than it did in patients with simple hypokinesis. Dyskinesis (three patients) and hyperkinesis (five patients) resolved in all. Outward wall motion during isovolumic relaxation reverted to normal in four out of five cases, and outward motion during isovolumic contraction reverted to normal in five out of seven. The frequency of improvement was also increased when the circulation to the affected segment was not compromised by an important residual stenosis. Flow in the affected artery was re-established or maintained significantly less frequently when simple hypokinesis or akinesis was present at the first study. These observations provide further evidence that asynchronous wall motion early after acute myocardial infarction represents residual contractile activity, and suggest that knowledge of its presence and distribution may be useful in assessing patients on whom thrombolysis is performed. 
Thrombolysis and other procedures for acute revascularisation can prevent the development of infarction after coronary artery thrombosis in the absence of adequate collateral flow.' 2 During this early period after the onset of symptoms abnormal timing of wall motion is more common than a simple reduction in amplitude. 3 Asynchronous movement Requesti for repnrnts to Dr Defek Gibson, Cardiac Departnent,.
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Accepted for publicaton 10 February 1986 would be expected when the contractile activity of affected myocardium is reduced but not wholly lost. The present investigation was designed to follow the fate of myocardial segments that showed such asynchrony after thrombolysis had been performed, and to compare it with that of the more commonly studied hypokinesis. If asynchrony is indeed the result of a lesser degree of ischaemic injury than that which causes simple hypokinesis, the effects of reestablishing flow might be correspondingly greater. Asynergy might thus be a useful marker for the -physiological consequences of thrombolysis in individual patients. 122 Patients and methods Twenty three patients who fulfilled the criteria for intracoronary thrombolysis were studied by left ventriculography and coronary arteriography at the University Hospital, Heidelberg4 within 3-5 (1 3) hours (mean (SD)) of the onset of pain. Other data from these patients have been included in earlier studies. 46 The patients were premedicated with heparin (7500 units intra-arterially) and prednisone (250mg intravenously). Intracoronary glyceryl trinitrate (0-2-04 mg) was administered, and then intracoronary streptokinase (2000 units/min) was given until the patency of the artery was reestablished or until a total dose of 200 000 units had been given. Coronary arteriography was repeated every 15 minutes throughout the procedure. The patients were then electively restudied (2 5) weeks later. Left ventriculography was performed in the 30°right anterior oblique projection with an injection of 40 ml Urografin at a flow rate of 12 subgroup of patients in whom flow was reestablished was considered separately, with the mean value of peak filling rate falling by 120 ml/s (p < 0 05). Patients with values outside the normal 95% confidence limit of normal at the first study were also considered separately. End diastolic volume was significantly increased in seven patients. It fell in six and was unchanged in one, the mean change being -50(30) ml (p <005). End systolic volume was increased in eight patients, and fell by a mean of 25 (32) ml (p < 0 05). There was no significant change in ejection fraction in the subgroup ofpatients in whom values were reduced at the first investigation, whereas the 95% confidence limits of peak ejection and filling rate were so wide that all values fell within the normal range at the first examination.
REGIONAL WALL MOVEMENT
Normal. Figure 1 gives examples of isometric and contour displays of the left ventriculogram of a normal subject. On the isometric display (Fig. la) Simple hypokinesis. In six patients in whom thrombolysis was achieved, and in whom the artery remained patent, simple hypokinesis was demonstrated at the first study in the region supplied by the thrombosed artery (four anterior descending, one right, and one circumflex artery). It remained unchanged at the second study in all. Figure 2 shows isometric and contour plots from a patient with a region of simple hypokinesis on the inferior wall between segments 10 and 15. The amplitude of inward motion is reduced to 4 mm. Its onset is delayed, but there is no significant movement in either of the two isovolumic periods. Motion in the rest of the cavity outline is normal, both with respect to amplitude and timing. The pattern at the later study (Fig. 2) but this remained within normal 95% confidence intervals. Similar regions of simple hypokinesis were also unaltered in three cases in which the recanalised artery was occluded at the second study, and in two in whom thrombolysis had initially been unsuccessful. In one case in whom thrombolysis had been unsuccessful, but in whom a major stenosis of the anterior descending artery had been bypassed, the free wall (segments 20-30), which had been akinetic at the first study, returned to normal although this was associated with the development of abnormal inward movement during isovolumic relaxation on the inferior wall (segments [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] disease of the right and three with disease of the anterior descending artery. Figure 3 shows results from a patient with right coronary artery thrombosis. In the first study (Fig. 3) there was a hypokinetic segment on the inferior wall, which showed a total inward motion of 4mm, less than the normal lower 95% confidence interval, of which 2mm occurs during isovolumic relaxation associated with a 10 mm early outward motion"2 along the free wall.
During isovolumic contraction there is 2 mm abnormal outward movement along the inferior wall, associated with premature inward movement before aortic valve opening on the free wall. At the second study (Fig. 3) disease, wall motion in the affected area returned completely to normal; the amplitude of motion had increased and the disturbance of wall motion during isovolumic relaxation was no longer apparent. One case, with anterior descending thrombosis, improved, with 3mm of dyskinesia being replaced by 4 mm of inward motion. In three cases, the extent and distribution of the hypokinesis were unchanged, though inward movement during isovolumic relaxation was no longer apparent. Inward motion during isovolumic relaxation with normal amplitude of wall motion. This pattern of wall motion was seen in eight patients, four with right, one with anterior descending, and three with circumflex artery disease. In six the amplitude was normal over the whole segment, and in two over part of that showing asynchrony. Figure 4 shows the results from one of those with circumflex thrombosis. The earlier study (Fig. 4) Additional abnormalities of wall motion amplitude.-Hyperkinesis was present in five patients at the time of the first study and dyskinesis in three (in two as an isolated abnormality and in one in association with abnormal inward motion during isovolumic relaxation). Neither abnormality was present in any patient at the time of the second study.
Additional abnormalities of wall motion during the two isovolumic periods.-Additional abnormalities of wall motion during the two isovolumic periods were also considered in association with the amplitude of wall motion in the region supplied by the affected coronary artery. Early outward wall motion during isovolumic relaxation reverted to normal in all of five patients who-initially had thrombosis of the right or circumflex coronary artery; in four this was associated with a normal amplitude of wall motion in the inferior region and in one with akinesis. It appeared de novo in the second study in a patient in whom the affected vessel had become reoccluded and in whom akinesis persisted in the region supplied by the occluded vessel. In seven patients (four with thrombosis of the right coronary artery and three with thrombosis of the circumflex coronary artery) there was early outward motion along the inferior wall during isovolumic contraction. In five it disappeared as overall amplitude of motion in the affected region returned to normal. In two, in whom amplitude also remained unchanged, it did not. Early inward movement along the free wall during isovolumic contraction was seen only in those patients with simultaneous outward motion on the inferior wall. It returned to normal after thrombolysis in all but one case.
Relation of changes in wall motion to peripheral arterial supply.-In six patients the arterial supply to the affected region of ventricle was essentially unchanged at -the second examination, either because of failure of thrombolysis or because of reocclusion.
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In five of these patients, hypokinesis was present at the initial examination, with or without evidence of asynchrony, and this feature persisted, unchanged in distribution, at the second examination. In one case an isolated abnormality of isovolumic contraction returned to normal. Thus one out of six cases showed improvement. In 11 patients blood supply to the affected region was restored at the second examination but there was a major proximal stenosis. In four of these the amplitude of movement returned to normal, but in three asynchrony persisted (one in isovolumic contraction and two in isovolumic relaxation). In the remainder, hypokinesis persisted unchanged, with loss of asynchrony in two. In this group, therefore, appreciable improvement was seen in four, while seven remained unchanged. In five patients a normal or virtually normal arterial supply was restored. There was considerable improvement in wall motion in all. In two, hypokinesis associated with asynchrony became completely normal, in two isolated asynchrony became normal, and in one isolated hypokinesis was converted to normal amplitude but asynchrony developed. These differences in the incidence of improvement in relation to blood supply were statistically significant (p < 0 007). Changes in the pattern of wall motion were also related to the peak serum creatine kinase concentrations recorded during the acute illness. In the patients in whom there had been no change in wall motion at the second study, peak serum creatine kinase was 2010(1450) U/1. This was significantly greater than in patients in whom improvement was seen (1290 (800) U/I (p < 0 05)) and in those in whom wall motion became normal (810(510) U/l (p < 0 01)). No aspect of regional wall motion could be related to the presence or absence of collateral vessels at the first study or to the time after the onset of symptoms at which reperfusion was achieved.
Relation between wall motion and the first study and success of thromnbolysis.-Thrombolysis was unsuccessful in seven patients either because flow was not re-established (four cases) or because the vessel had become reoccluded by the second study ( Overall amplitude drops only when the injury is more severe, although even at this stage asynchrony may persist as evidence of residual contractile activity, showing itself most characteristically as inward movement during isovolumic relaxation. Segments showing simple hypokinesis, akinesis, or even dyskinesis if the free wall of the ventricle is affected, have suffered a degree of injury from which they are unlikely to recover even if the circulation is restored. Analysis of regional movement, therefore, can indicate segments which have undergone a comparable degree of injury, and the factors affecting the extent of recovery can be identified. Of these the most important seemed to be the extent to which flow to the affected region had been re-established, since wall motion was much more likely to return to normal when the arterial supply was uncompromised. We did not find the same absolute dependence of improvement on vein grafting reported by Sheehan et al,22 though the general principle of ensuring an adequate blood supply to affected areas was confirmed. A second factor was the peak level of serum creatine kinase activity, but there was no relation between the frequency recovery and the time from onset of symptoms to re-establishment of flow. Somewhat unexpectedly the presence of simple hypokinesis at the initial study proved to be a predictor of whether thrombolysis would be successful. This finding suggests that when myocardial function is irreversibly damaged, the integrity of the microcirculation itself is lost, so that even when the thrombus is lysed peripheral runoffis usually inadequate to maintain patency. Such a relation between initial wall motion and subsequent outcome of thrombolysis would invalidate the use of patients in whom lysis was not achieved as controls for assessment of the effects of the procedure on the left ventricular function in those in whom it was successful. Finally, these conclusions are not comparable with those based on the two frame method of analysis of regional wall motion. In The present study was an exploratory one. It was retrospective and contained no control group to allow for the effect of spontaneous recanalisation or changes in ventricular function occurring between the two studies. It does not therefore confirm or refute the therapeutic effectiveness of thrombolysis. It does, however, suggest that a more elaborate analysis of regional wall motion than is usually undertaken may be helpful in such cases, in which a major objective is to detect and salvage compromised myocardium. If asynchrony is the hallmark of such areas, ability to locate it and to follow its progress might have practical consequences in determining therapeutic strategy in individual patients. It might be possible on the basis of the pattern of regional wall motion to exclude cases in whom success was unlikely, to identify those in whom myocardium was potentially salvagable even more than six hours after the onset of symptoms, or to follow the effects of less elaborate procedures such as intravenous thrombolysis. This information is potentially available non-invasively by digital subtraction or radionuclide angiography, and to a more limited extent by cross sectional echocardiography. Such imaging methods in combination with automatic boundary recognition and image analysis might provide a means by which these aims could be advanced.
